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TERMINOLOGY AND SCALING PRACTICES 


The symbole and terminology used in this report are those adopted by 
the International Radio Propagation Conference, and given in detail on 
pages 24 to 26 of the report IRPI-C61, "Report of International Radio 
Propagation Conference, " and in the section on "Terminology", in reports 
IRPL-Fl, 2, 3, 4, 5. 


In the past, ionospheric conditions were summerized on a monthly 
basis by using average or mean values, for each hour of ths day, for 
each month. However, following the recommendations of the International 
Radio Propagation Conference, held in Washington 17 April to 5 May 1944, 
beginning with data for 1 Jan, 1945, median values were used by IRPI 
wherever possible. Thus, median walues are given for Washington, for 
ell stations reporting directly to the IRPL, for the Canadian stations, 
and for all others sending in detailed tabulations to the IEPL, from 
which medians can be computed. 


Where averages are reported, they are, at any hour, the average for 
ali the days during the month for which numerical data existed, 


Tre monthly medien values used here are the values equslled or 
exceeded on half the days of the month at the given hour, The following 
conventions are used in determining the medians for hours when no measured 
valuee are given because of eauipnent limitations and ionospheric irregu- 
lerities. Symbols used sare those given in the report referred to above, 
TEPI-C61, 


a. For all ionospheric characteristics: 
ecing because of A, B, C or F (see terminology 


b. For critical frequencies and virtual heights; 
Values missing because of E are counted as equal to or less 
than the lower limit of the recorder. 
Values missing because of D are counted as equal to or 
greater than the upper limit of the recorder. 
Values missing because of G are counted; 
1. For f°F2, as equal to or less than f°Fl. 
2. For h’F2, as equal to or greater than the medians 
Values missing for any other reason are cmitted from the 
median count. 


o. For muf factors (M-factors): 
Values missing because of G are counted es equal to or 
less than the median. 
Values missing for any other reason are omitted from the 
median count. ; 


d. For sporadic E (Eg); . 
Values of fEg missing because no Bg reflections appeared, 
the equipment functioning normally otherwise, are counted as 
equal to or less than the lower limit of the recorder. 
Values of fEg missing for any other reason, and values of 
hEs missing for any reason at all, are omitted from the 
median count. 


Beginning with data for November 1945, doubtful monthly median values 
for ionospheric observations at Washington, D.C., are indicated by 
parenthéees, in accordance with the practice already in use for doubtful 
hourly values. fhe following. are the conventions used to determine 
whether or not a median value is doubtful: 


1. If only four values or less are available, no median value is 
computed, the data being considered insufficient. 


2. For the Fe layer, if only five to nine values are available, 
the median is considered doubtful. The E and Fl layers are so regular 
in their characteristics that, so long as there are at least five values, 
the median is not considered as doubtful. 


3. For all layors, if more than half of the values used to compute 
the median are doubtful (either doubtful or interpolated), the median 
ia considered doubtful. 


It is expected that this practice will be of assistance in evaluat- 
ing the monthly median Washington data. 


The ionospheric data given here in graphical and tabular form were 
asseabled by the Interservice Radio Propagation Laboratory for analysis 
and correlation, incidental to IRPL predictions of radio propagation 
conditions. The following are the sources of the data; 


Australian Council for Scientific and Industrial Research, 
Radio Research Board, Auetralia;s 
Brisbane, Australia 
Canberra, Australia 
Cape York, Australia 
Hobart, Tasmania 


British National Physical Laboratory, and inter-Services Ionosphere Bureaus 
Slough, England 
Great Baddow, England 
Burghead, Scotland 
Capetown, Union of S. Africa 
Colambo, Ceylon 
Oslo, Norway 


Cairo, Egypt 
Falkland Is. 


Canadian Radio Wave Propagation Committee: 
Churchill, Canada 
Ottewa, Canada 
St. John's, Newfound land 
Prince Rupert, Canada 
Clyde, Baffin I. 
Victoria Beach, Canada 
Swan River, Menitoba (Mobile unit) 
The Pas, Manitoba (Mobile unit) 


Hew Zealand Radio Research Committee: 
Kermades Is. 
Christchurch (Canterbury University College soso trees) 
Campbell I. 
Piteairn I. 
Rarotonga I. 


Scientific Research Institute of Terrestrial Magnetism, Moscow, U.S.8.R. 4 
Bukhta, Tikhaya, U.S.S.R. 
Tomsk, U.S.8.R. 
Sverdlovsk, U.S.8.R. 
Moscow, U.S.8.R. | 
Leningrad, U.8.S8.R. 
Alma Ata, U.S.S.R, 


Carnegie Insititution of Washington (Department offerrestrial Magnetism) s 
Christmas I. 
Fairbanks, Alaska (University of Alaska, College, Alaska) 
Mevi, Hawaii 
frinidad, Brit. West Indies 
Huancayo, Peru 
Watheroo, We Australia 
Adak, Alaska 


United States Army Signal Corps: 
Leyte, Philippine Is. 
Guam I. 
Tokyo, Japan 


National Bureau of Standarés: 
Washington, D.C. 


Stanford University: 
San Francisco, Celifornia 


Leuisiana State University: 
Baton Rouge, Louisians 


University of Puerto Rico: 
San Juan, PR. 


Harvard University: 
Boston, Massachusetts 


All India Radio (Government of India), New Delhi, India; 
Bombay, India 
Delhi, India 
Madras, India 
Peshawar, India 


Radio Wave Research Laboratories, Central Broadcasting Administration; 
Chungking, China 


National Wuhan University: 
Loshen, China 


The tables of “provisional data” give values (1) as reported either 
to the IRPL or other central laboratory by telephone or telegraph; or 
(2) which are reported in summary form by stations from which monthly 
ionospheric data for every day and every hour may normally be expected 
at a later date. 


The tables and graphs of "final data" are correct for the values 
reported to the IRPL, but, because of variations in practice in the 


interpretation of records and scaling and manner «f reporting of values, 
may at times give an erroneous conception of typical ionospheric charac- 
teristics at the station. Some of these errors are dus tos 


a. Differences in scaling records where spread echoes are present. 


b. Omigsion of values where f°F2Z is leas than cr equal to f°Fl, 
leading to erroneously high values of monthly average or 
median values. 


@o Omission of walues where critical frequencies are leas than the 
lover frequency limit of the recorder, also leading to erron- 
eously high values of monthly average or median values. 


These offects were discussed on pages 6 and 7 of the previous Feseries 
reports, IRPl-Fl, 2, 3, 4, ami 5. 


The dashed-line prediction curves of the graphs of ionospheric data 
are obtained from the predicted zercemuf contour charts of the IRPL-D 
series publisations. Fredictions for individuel stations used to con- 
struct the charts may be more accurate than the values read from the 
shart since some smoothing of the contours ig necessary to allow for 
the longitude effect within a gone. 


Discrepancies between predicted and cbserved walues are often 
eacribable to these effects. 


IONOSPHERIC DATA FOR EVERY DAY AND HOUR 


These data, observed at Washington, D.C., follow the scaling prac- 
tices given in the report IRFL-C61, "Report of International Radio 
Propagation Conference", pages 36 to 39, and the median values are de- 
termined by the conventions given under "Terminology and Scaling Prac- 
tices” above. 


IONOSPHERE DISTURBANCES 


fable 81 presents ionosphere character fugures for Washington, D.C., 
during Mey 1946, as determined by the criteria presented in the report 
IRPL-RE, “Criteria for Ionospheric Storminess", together with American 
magnetic K=figures whioh are usually covarient with them. 


Table 84 gives provisional radio propagation quality figures for 
North Atlantic end North Pacific areas, for 01 to 12 and 13 to 24 GCT, 
April 1946, compered with the IRPL daily radio disturbance warnings, which 
are primarily for the North Atlantic paths, the IRPL weekly radio propa- 
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gation forecasts of probable dieturbed periods (beginning with the fore- 
cast of 5 April 1946, daily numerical estimates for zones A, B, and C 
were suspended) and the half-day Americen geomagneti: K-figures. 


The radio propagation quality figures for the North Atlantic were 
prepared from radio traffic and ionospheric data, reported to the IRPL, 
in the manner described in detail in report IRPL-R3l1, “North Atlantic 
Radio Propagation Disturbances October 1943 through October 1945", 
issued 1 Feb. 1946. 


The radio propagation quality figures for the North Pacific were 
prepared from radio traffic and ionospher’c data, reported to the IRPL, 
in the manner described in detail in report IRPI-~RIS, “"Ionospheric and 
Radio Propagation Disturbances, October 1943 through February 1945", 
issued 24 May 1945. 


IONOSPHERIC MEASURES OF SOLAR ACTIVITY 
FOR THE PAST SOLAR CYCLE 


Critical frequencies of all te regular ionospheric layers exhibit 
well-defined, approximately linear trends with solar activity, so that, 
for any time and plece, 


fo = f(t) + £,(t)s (1) 


where f° ig the critical frequency, f, and fy are functions of the time of 
day, t, and § is the smoothed sunspot number. Where sufficient ionospheric 
data have been taken, so that the functions f}(t) and fo(t) are well known, 
and for values of f° such that their variation with solar activity is large 
in somparison to their random variation, it is possible, therefore, to ° 
tain from the critical frequency, 1°, a value of S in the above equation. 
This value of ionospheric “sunspot number" will not, in general, be exactly 
equal to the observed sunspot number for the time under consideration, but 
will correspond more nearly with the amoothed sunspot number for this time. 
Because of this fact, and because both the observetions of f° end the trends 


f, (t) and f2 (t), which are derived from many observations, are far less 
erratic, inherently, and leas subject to observational errors than are sunspot 
numbers, these values of ionospheric "sunspot number" seem likely to be better 
measures of solar activity than ere observed sunspot numbers. (Cf. IRPl- R26, 
“The Ionosphere as a Measure of Solar Activity"). 


A convenient ani rapid means of estimating "S", the ionospheric "“sun- 
spot number", acy means of nomographic representations of Eq. 1, above, 
examples of which are given for each month of the year for data from Wash- 
ington, D.C., Huancayo, Peru and Watheroo, W. Australia, stations where 
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ionospheric trends are particularly well established, in the report cited 
above. 


In constructing such nomogrems, vse is made of the fact that the col- 
linearity of three points having coordinates x1y), X2Yge XsYg, may be ex- 
pressed by the determinant 


xX) Yi 1 
x2 ye 1 =0 
Xz Ys 1 


If the coordinates x® 0, y = O are arbitrarily taken to represent the lower 
left-hand corner of such nomograms, § taken as the width of the namogram, 
end parallel side scales, equally subdivided, taken to represent values of 
f° and S, with scale factors ey) and fs, respectively, L being the total 
length of the f° scale, the determinant for the expression of Eq. 1 may be 
given as 


) (1-€, £9) 1 
$ £28 1 = 0 
F G 1 


This delineates the nomogram as one having a left-hand vertical scale of 
(L-0}f°), a right-hand vertical scale fos, and a third scale whose x amd y 


coordinates at each point are F and G, respectively, the values of F and @ 
to be found by reference to Eq. l. 
To find F and G: 


By expansion of the above determinant, 
r [u- 02° |+6c -  sr- (L- f°) 6 = 0 
Substituting the value of S, from Ede ly» 


f° = f)(t) 
f,(t) 


s83 


£° . 
F[t- G2? |+5 - é, XC ate (L - b,£°) 6 = 0, 


or, collecting terms in £°, 


ro [-Fé, - Pana 6|+ [+50 + ee 2 d= 0. 


Since this mst hold for all values of f° the coefficient of f°, and the 
term not involving f°, must vanish identically, and 


as 
ee 


wba ee Of, (t) . Ee, 
f(t) ee | Gi eee 


f(t) f(t) 


fhe curved nomogram scale, FG, lies between the two parallel vertical 
scales, since the relationship between f° and S, as expressed in Eq. 1 is 
direct, and their scale values, 2s shogen, run oppositely. Its x-coordinate, 
F, at any point, is a measure of the relative variability of f° with S, since 


it involwes fo(t), only, besides the arbitrary constents establishing the 
nomogram scales. 


Thus, positions on the central scale of thease nomogrmas, such that F 


is large, represent the best hours of the day for determining "S" from iono- 
spheric observations. In general, these hours are thoee near midday. 


Fig. 77 presents values of ionospheric “sunspot number" for the past 
solar cyele, and the beginning of the present cycle, determined, as were the 
values given for a limited portion of this period, by the method used in 
IRPL=26, “The Ionosphere as a Measure of Solar Activity”. Each value is the 
average of values of "S" obtained from the nomograms of IRPL-R26, and the 
f°F2 for the five hours centered on noon for Washington, D.C., Huancayo, 
Peru, and Watheroe, W. Australia. In cases where data from all three sta- 
tions were not available, the data from those available were used, corrected 
by the average factor, for the month concerned, relating their values of "S" 
to those determined from all three stations, when date from all were avail- 
able. 


The nomograms of IRPI- #26 were made using yearly-average trends of f°Fs, 
to which were applied average values (monthly indexes) for all data available, 
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of the ratio of pertinent monthly values to the yearly-average value 
centered on the month. 


The values of ionospheric "sunspot number” presented in Fig. 78 were 
determined in the same manner as those presented in Fig. 77, except that, in 
this case, a.different set of nomograms were used, constructed from directly 
plotted monthly trends. Thus the deviation in values between Figs. 77 and 
78 are probably as great as are likely to be obtained with use of the same 
original data. It may be seen that even with this difference, most of the 
emall variations in the cycle are nearly identical in the two cases. 


Fig. 79 presents actual surspot data for the seme period. 


In all cases, dots represent monthly-average values, while solid lines 
represent twslve-month running-average values. 


It may be readily seen that the deviations of ionospheric “sunspot 
numbers" from their running-average values is far less than those for ordi- 
nary sunspot numbers. Moreover, the running-average curves for ionospheric 
“sunspot numbers" are far smoother. Since major variations in both iono~ 
spheric "sunspot number" curves and the ordinary sunspot number curve nearly 
always agree, it seems probable that many of the small irregularities in the 
latter curve are not truly representative of basic solar activity, and that 
the ionospheric “sunspot numbers" might be therefore expected to correlate 
better with other geophysical phenomena. 
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Table 81 


Tonospheric Storminess, May 1946 


Principal Storms | Geomagnetic Character#* 
Beginning End 00-12 GCT 12-24 GCT 
GCT _GCT 


Ionospheric Charec ter# 
00-12 GCT 12224 GOT 


—— 
vay 


oe ee ee am 


May 
1 2 3 1 2 
2 1 XS 2 1 
3 1 1 gf 1 
4 1 3 2 2 
5 2 3 1 2 
6 4 5 0500 — =-==7 4 3 
ii 5 6 22n- ave 4 2 
8 4 5 ---- ---- 4 3S 
9 4 5 ---- ---- 4 4 
LO 4 S ore 1400 3 5 
1l 2 4 0699 1900 4 3 
12 l 3 2 2 
db 1 z 2 I 
14 eon 3 1 1 
15 2 1 1 1 
1S 2 2 2 2 
17 L 2 2 2 
12 1 Ms 3 2 
19 BRE 3 1 0) 
20 Z 3 22900 oon 1 3 
21 4, 4 owne 1800 4 3 
faye & 4 0300 2190 4 3 
23 2 1 3 4 
24 3 1 3 3 
25 2 3 3 2 
246 1 3 2 2 
7 1 0 1 1 
26 2 2 v, 2 
29 1 1 2 1 
30 1 z 1 2 
oi 2 3 3 2 


—e a Se 


*Tonosphere character figure (I-figure) for ionospheric storminess at 
Washington, D.C., during 12-hour period, on an arbitrary scale of 


0 to 9, 9 representing the greatest disturbance. 

**Averaze for 12 hours of American magnetic K-figure, determined by a 
number of observatories, on an arbitrary scale of 0 to 9, 9 rep= 
resenting the greatest disturbance. 

fDashes indicate continuing storn. 
*«xaNo readable record. 


Table 82 


Sudden Ionosphere Disturbances Observed at Washington, DC. 


Day Beginning End | transmitters | intensity 
at 
May | 
2 1 1124 1215 | England 0.0 
2 | 1758 1940 | Ohio, D.C., England, 0.0 
| | Trinidad, Gold Coast | 
3 2120 2220 | Ohio, D.C., England, 0.0 
Mexico, Trinidad, 
Hawaii, Chile 
a 1212 | Bnglend ; 0.0 
7 1911 1945 | Ohio, D.C., Trinidad, | 0.05 
| Gold Coast 
8 | 1254 1340 | Ohio, D.C. 0.0 
ll =| )—so22n4 2240 | Ohio, D.C., Mexico, | 0.2 
| Hawaii, Gold Coast 
13 | = 1622 1550 | England 0.1 
17 =| 1424 1440 | Ohio, D.C., England, | 0.1 
Mexise, Trinidad, 
Chile, Gold Coast 
23. | 1430 1454 | England | 0.05 
1501 1519 | England Owl 
1527 1610 | England | 0.1 


"Ratio of received field intensity during SID to average field intensity 
before and after, for station WXAL, 6080 kilocycles, 600 kilometers 
distant, for all SID except the first on Mey 2, the first on Mey 7, 
and on May 13 and 23. Station GLH, 13525 kilocycles, received in New 
York, 5340 kilometers distant, was used for these SID. 
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IRPL REPORTS 


Daily: 
Telephoned and telegraphed reports of ionospheric, solar, geomagnetic, and radio propagation 


data from various places. 
Radio disturbance warnings. 


Semiweekly? 
TRPL=J. Radio Propagation Forecast. 


Semimonthly? 
TRPLJa. Semimonthly Frequency Revision Factors for IRPL Basic Radio Propagation Prediction 


Reports. (Issued with IRPL-J series approximately ene week in advance.) 


Monthly: 

am 5315 Basic Radio Propagation Predictions = Three months in advance. War Dept. TB 11-99- , 
monthly icoisrenee to T 11-499; Wavy Dept. (DNC-13-1( ), monthly supplements to 
INC-13=-1. 


IBPL-F, lIonospheric Data. 


IEPL-G, Correlation of D. F. Errors With Ionospheric Conditions. 


terl : 
See Recommended Frequency Bands for Ships and Aircraft in the Atlantic and Pacific. 
SIRPL-H, Frequency Guide for Operating Personnel. 


Special aught etc.3 
Radio Propagation Handbook, Part I. (War Dept. TM 11-499; Wavy Dept. LiC-13-1.) 
IRPL-Cl through C61. Reports ane 2 ole of the Internationel Radio Propagation Conference, 


17 April to 5 May 1944 
IRPL-R. Unscheduled reports? 

Rl. Maximum Usable Frequency Graph Paper. 

B2 and 83. Obsolete. 

Ru, Wethods Used by IRPL for the Prediction of Ionosphere Oheracteristi¢s end Maximum 
Usable Frequencies. 

B5. Criteria for Ionospheric Storminess. 

R6. Experimental Studies of Ionospheric Propagation As Applied to The Loran Systen. 

B7. Second Report on Ixperimental Studies of Ionospheric Prepagation As Applied to 
The Loran Systen. 

Bg. The Prediction of Usable Frequencies Over a Path of Short or Medium Length, 
Including the Effects of Es. 

RO, An Antomatic Instantaneous Indicator of Skip Distance and UF. 

R10. A Proposal for the Use ef Rockets for the Study of the Ienosphere. 

Ril. A Nomographic Method for Both Prediction and Observation Correlation of Ionosphere 
Characteristics. 

R12. Short Time Variations in Ionospheric Characteristics. 

R13, Tonospheric and)Radio Propagation Disturbances, Octeber 1943 Phrongh February 1915. 

Buy. A Graphical Method for Calculating Ground Reflection Coefficients. 

R15. Predicted Limits for F2~layer Radio Transmission Throughout the Solar Cyele. 

R16. Predicted F2-layer Frequencies Throughout the Solar Oyele, for Summer, Winter, and 
Equinox Season. 

B17. Japanese Ionospheric Data = 1943. 

R18. Comparison of Geomagnetic Records and North Atlantic Radio Propagation Quality 
Figures - October 1943 through May 1945, 

R19. MNomographic Predictions of F2-layer Frequencies Throughout the Solar Cycle, for June. 

R20. Nomographic Predictions of F2-layer Frequencies Throughout the Solar Cycle, for 
September. 

R21. Notes on the Preparation of Skip—Diatance and MUF Charta for Use by Direction- 
Tinder Stations. (For distances out to 4000 im.) 

R22, Nomographic Predictions of Fe-layer Frequencies Throughoyt the Solar Oycle, for 
December. 

B23. Solar=Cycle Data for Correlation With Radio Propagation Phenomena. 

Rey, Relations between Band Width, Pulse Shape and Usefulness of Pulses in The Loran 


System. 

R25, The Prediction of Solar Activity as a Basia for Predictions of Radio Propagation 
Phenomena. 

R26. The Ionosphere as a Measure of Solar Activity. 6 


R27. Relationships Between Radio Propagation Disturbance and Central Meridian Passage of 
Sunspots Grouped by Distance From Center of Disc. 

R28. nemperepnte Predictiors of F2-Layer Frequencies Throughout the Solar Cycle for 
anuarye 

R29, Revised Classification of Radio Subjects Used in National Bureau of Standards 
(W.B.S. Letter Circular LC=814 superseding circular C385). 

R30. Disturbance Rating in Values of IRFL Quality — Figure Scale From A. T. & T. Co, 
Transmission Disturbance Reports to Replace 7.D. Figures as Reported. 

R31. North Atlantic Radio Propagation Disturbances, October 1943 through October 1945, 

R32. pomoeyaEneG Predictions of F2-Layer premiere ee Throughout the Solar Cycle, for 
ebruary. 

ee Tonospheric Data on File at IBPL, 

The Interpretation of Recorded Values of fs. 

R35. Comparison of Percentage of Total Time of Occurrence of Second-Multiple Es 

Reflections and That of fEs in Excess of 3 Mec. 


IRPL-T, Reporte on Tropospheric Propagation. 
Tl. Radar Operation and Weather. (Superseded by JANP 101.) 
T2. Radar Coverage and Weather. (Superseded by JANP 102.) 


“Items bearing this symbol are distributed only by U.S, Navy in NONREGISTERED. PUBLICATIONS 
MEMORANDA (NRPM). IRPL-A and =H iasued under one cover with NRPM identifying numbers. 


